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Courtesy: R. Radojcic, Qualcomm
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Studied 3D IC

Micro -XCT Courtesy: Peter Kriger

A Younghbs rBdahaindenttion
A CTEDBCoefficient of Thermal Expansion
A Adhesion of Ultra Low K on Silicon BWedge Indentation
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Stress engineering in 3D IC structures: Need of database and
iInput for database: Multi-scale materials data

Stressrelated phenomena caused by 3D TSV integration influence:
A chip performance (and variability),

A vyield and reliability.

Stressmanagement in complex systems requires:
A multi -scale modeling, including accurate MULTI -SCALE MATERIALS DATA
A Input data for simulation

A Model validation (and calibration)

C Multi -scale materials database concept 1

Multi -scale Materials Characterization needed

A Multi -scale (thermo -)mechanical materials data

=
1V.Sukharey E. Zschech, I nt . Wor kshop BStress/Errgygrj‘b%gepgt 6f(
SiliconVias, Al bany/ NY 2010, B¥9®01¥P»roc. 1378, pp. 2Z.L
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Motivation

Relations between mechanical properties and structure at micro -
and nano-scale:

A Optimum pore/molecular structure (CPl and dielectric reliability)
A Enable a physics-based IC design

i Tier 1 Tier2 Stack
(A) Tier 1 (B) Tier 2 (C) Stack ,
1 \é/
Y X
Y \é/ X
Sxx [Pa] Szz [Pa]
1 5E+08__50E+07 —5 OE+07 1.6E+08 2 5E+0_a 3.5E408 -1.5E+08 -5.0E+07 5.0E+07 1.5E+08 2.5E+08 3.5E+08

Courtesy of Xiaopeng Xu, Synopsys Inc.
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Introduction

Dielectric constant below 2.0 and sufficient mechanical integrity:
-> ULK materials are tailored at multiple scales.
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Characterization of the multiscale properties Bstructure relationship

Kim et al. APL, Fan et al. Nat.Mater., Dubois et al. Adv.Mater., Landskorn et al. Science
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Indenting at Micro/Nano-scale

Coil/magnet assembly

Leaf spring

Capacitance
gauge

Leaf spring

The heart of the instrument

Indenter

Sample

A The heart of a Nanoindentation system lies in the actuator and sensors
mechanism

A Capacitive or Electrostatic Force Actuation and Depth Sensing
A Best machine performance: FORCE ~30nN, DISPLACEMENT ~0.1nm

Courtesy of Hysitron Inc. and Agilent Technologies
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High resolution nanomechanical testing

Load-displacement
data at single
nanometer scale
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